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Description 

The inventions suggests a delay imit for the 
production of an output signal delayed with a 
definite delay time opposite an input signal, 
according to a publication by A. DaUmann, 
'^Coimruction and test of a microprocessor- 
controlled sampling system for the sub nano- 
second period," Uiiversity of Duesseldorf in the 
year 1982. 

Only sanjpling procedures can be sued for the 
for the measurement of a fast, electric signal, 
which means for the regulation of a tension 
procedure as a function of time, as they are 
developed, for example, by sany)ling 
oscillographs. This measuring principle, namely 
a tension procedure as a function of time with the 
aid of a sampling procedure, has also been used^ 
for exam{^e» for the measurement of internal 
signals at integrated cross circuits. This occurs, 
in this example, with help of an electron ray 
measuring technique in a grid-electron 
microscope that has equipnoent for measuring 
potential stroboscopic contrast. Such an etectron 
ray measuring device is described, in this case, in 
the U.S. patoit 4,413,181, For the stroboscopic 
operation in such an electron ray measuring 
device, a delay unit has been necessary for fixing 
the measurement time at a very high acoiracy* 
With an electron ray measuring device, such a 
delay unit should also be calculatable over and 
above that, and a high repetition rate ^uld be 
tnade possible with the keying in of the electron 
rays. Delay units with very high tincie-predsion 
that permit a high repetition with the 
measurement of &st signals, have been necessary 
in each sampling system 

For the r^resentation of the tetision 
procedure as a function of time in cyclically 
worldng, integrated circuits, stroboscopic 
diagrans have be^ used for the electron ray 
measuring technique. Therefore, a pulsated 
electron probe, synchronous with the cycle of the 
tension procedure, has been adjusted to a circuit 
node inside of an integrated circuit on one or 
more of such circuit nodes^ For very high 
frequency tension procedures on such circuit 
nodes, a high repetition rate of the electron probe 
is necessary. 

Earlier, a boxcar integrator, Le. Model 162 of 
the company, Princeton App£ed Research, has 
been used for electron ray measuring deuces 
(see the aforementioned U.S. patent no« 
4,413,181), whidi the phase advancement has 
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l^n achieved for ibe pulsated electron probe 
and for the measuring signal process, with 
regards to the tension procedure for a drcuit 
node of a measuring object above an analogous 
ramp generator with an unswitchable increase 
time and, thus, with a constant, relative accuracy 
of 0.05%. This means an accuracy of the delay 
tune and/or a time resolution of app. 5 ns, with 
delay times of 10 ^s between the input signal of 
the delay unit, in this case the start cycle of a 
cyclic tension procedure^ and the output signal 
for the production of an ielectron pulse and/or a 
gate signal for the processing of a measuring 
signal. 

When changing a measuring area while using 
such a boxcar int^ator, this device must be 
switched off by hand. With the use of a boxcar 
integrator, conpxter control is, therefore, 
possibly only definite within its own measuring 
area. The maximum repetition rate of such a 
boxcar integrator amounts to 2 MHz, whereby 
the repetition rate is marked by the processing 
speed m the device, especial^ by the trigger 
process and ranq> control. 

Meanwhile, accuracy of a delay unit and/or 
time resohition of app. 5 ns and a maximum 
repetition rate of 2 Nfiiz are no longer attainaWe 
for maiiy application cases with the electron ray 
measurh^ technique. 

From the dissmation, '^Construction and test 
of a microprocessor-controlled san^)ling system 
for the sub nano-second i^od'* by A. Dalhnann, 
University of Duesseldorf Germany, October 
1982, a method and delay unit are Imown prior 
art for the production of a delayed output signal. 
In a delay unit, according to tins dissertation, the 
delay unit has been impletoented in rough steps 
of 20 ns a Count of a 50 MHz quartz signal 
A narrower division of the delay tmie has been 
achieved by a &st ranop signal with a border 
iesolutbn of less than 0.5 ns. WithacMay mut* 
according to this dissertation, the signals of such 
a quartz generator, which should exhibit and 
attainably firequMicy staMty, are not 
synchronizable with the input signal. Therefore, 
with a delay unit according to this dissertation, 
the input signal starts, first of all^ the sequence of 
a fast ramp signal Thus, this sequence of the 
fast ramp signal has, however, been interrupted 
during a pre-selected count time of a 50 MHz 
counter. At the end of this pre-selected count 
time, the fast ramp signal finally attains a 
planned reference tendon and therefore releases 
the delayed output signal oftbe delay unit. The 
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re&tenoe tension used for the ramp signal can be 
in^ielnented by a computer with a digital-analog 
converter. The pre-seleaed count time and the 
le&rence tension used for the ramp signal can 
also, however, be provided without the use of a 
computer with the help of another device* 

With a delay unit according to the named 
dissertation, both the ^plication of a new 
connter condition and also the bading of each 
new counter condition such as tbe ^tart of an 
operation mode of the delay unit, in which the 
next mcoming mput signal releases the next 
delayed output signal, have been controlled by 
the computer. The controlling of this operation 
procedure of the delay unit between two delayed 
output signals is extensive and lengthy. This 
controlling of the operatton procedure by the 
computer lindts the maximum repetition rate of 
the (telay unit. 

In GB-A- 2 036 496, ''Pulse delay circuit," a 
delay circuit that mcludes a count step is 
likewise provided. Through a start impulse to 
the input of the delay circuit, a RC circuit has 
been made herewith and by a fHp-ftop stem of 
the counter. As it can be infored from the 
description concerned, the upbading of a 
capacity in the RC unit has been interrupted 
the count process in the cOunt step, wherel^ after 
the completion of the count process, the 
upbading process has b^ determined. Bnally, 
tiie deared delayed signal has been released at 
the end of the upbading process by a pulse 
generator for the output of the delay circuit. 
Accorditig to the specification in the patent 
application concerned, this delay circmit permits 
a minimum delay time of 100 ms. This is, 
however, likewise not attainable for many 
application cases in the electron ray measuring 
technique. 

The present invention outlines the task of 
providing a delay unit of the prior art for the 
production of a delayed output signal, which 
possibly permits reasonably higher repetition 
rates as those according to the current state of 
technobgy. 

lliis task has been solved, according to the 
mvention, by a delay tuiit according to claim 1. 
Implementations and advantages of the invention 
are represented in the description and the figures. 

With a delay unit according to the invention, 
a new, pre-selected count condition has been 
refieshed automatically, which means 
independent of a computer, after each d^yed 
output dgnal in a counting component, bthis 
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way, repetition rates o£ in this example, 20 MHz 
have been n^de possible. A delay unit, 
according to the invention, therefore satisfies, in 
this example, the requirements that have been 
used in the electron ray measuring technique for 
such a method and for such a delay unit. The 
delay unit, according to the inventbn, can also 
be inserted into other measuring systems besides 
the electron ray measuring technique for the 
analysis of fiast signals where an overall high 
repetition rate is necessary or advantageous;. 

A delay unit, according to the mventbn, 
makes a constant, absolute time accuracy of 0.5 
ns possible, both with short and also with long 
delay times. Beyond that, the delay unit, 
according to the invention, makes possible a 
ndnnnum delay unit of app. 15 ns between signal 
input and sigi^ output. It is advantageous with 
many measuring syst^ns^ if they can be 
controlled by a computer. The delay unit, 
according to the invention, makes a simply 
controlling by a computer possible. 

Implem^tation examples of the invention are 
rqii?esented in the following figures and have 
been more clearly explained in the following. 

Fig. 1 shows a block circuit diagram of a 
delay unit, according to the mventbn. 

Fig. 2 shows a signal diagram for a method 
and for a delay unit, according to tte inventioa 

Fig. 3 shows an miplementation exanople for 
a delay unit^ accorc^g to the invention. 

Fig. 1 shows a delay unit according to the 
inventbn. The input signal (trigger) 1 meets 
with an input of a comparator 2, in the second 
input of which lies a trigger threshold 3. As 
soon as the output of this comparator 2 has been 
implemented by a particular tension level, this 
output of the comparator 2 has been locked so 
that this output signal of the comparator 2 also 
remains preserved after the &ding out of the 
saine input signal, which has caused the 
in^jlememation of this output signal fi-om the 
comparator 2 at a particular tension level. The 
output signal of the comparator 2 is thus 
connected with a 50 MHz prefix counter, such 
that this prefix counter 4 can be artanged by the 
output signal of tie comparator 2 to count by an 
implemented counts conditbn after zero. The 
pre-selected counter condition for this prefijc 
counter 4 has been provided by a computer with 
an MPU bus 11 and further worth a signal 
directbn 13 between the bus 11 and the prefix 
counter 4. A 50 MHz generator provides the 
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tinie, to which the SO MHz prefix coumer 4 
counts by the pre-^tected counting condition* 

The output signal of the coniparator 2 add the 
output signal of the prefix counter 4 have been 
joined together for the control signal of a latnp 
generator 6. The output signal 16 of the ran^ 
generator 6 has been compared with refmence 
tension 15 by another comparator 7. The size of 
the reference tension 15 can be provided by a 
computer with the MPU bus 11 and with signal 
directions 12 between this bus and a digital- 
analog converter and fiuther with this digital- 
analog converter. With the output of the 
comparator 7, the delayed ouq)ut signal 9 
appears. This delayed output signal 19 has been 
returned to the prefix counter by a signal 
direction. 

Fig. 2 ^ows a signal diagram for a delay unit 
accordii^ to the iovention. The input sigoal 1 
shows a positive flank for the time t?=0. The 
output signal 14 of the quartz generator is not, 
according to the phase, correlated with the 
appearance of the ii^ut signal 1. The positive 
Qaak of the input signal starts the sequience of 
the ran^ signal 16 by the control signal 17, 
which has been formed in this case by the output 
of the comparator 2. Soon after the appearance 
of the input isignal 1, the first positive fliank of 
the quartz signal appears. The control signal 17 
for one has been set with an output of the prefix 
counter 4 and the sequence of the lamp signal 
has been interrupted so that the ranq) signal 16, 
subsequently, retains the saroe value that it had 
exhibited with the appearance of the first positive 
Sank of the quartz signal 14 afte the 
miplementation of the input signal 1. 

With the q)pearance of the first poisitive fliank 
of the quartz signal 14 after the arrival of the 
input signal 1, the prc^^rantmable prefix counter 
4 that counts tcom the counter condition^ 
implemented after zero has been allowed. The 
time for this counting of the counter condition 
unplemented after zero has been formed by the 
quartz signal 14. The counting time of the prefix 
counter 4, th^fore, amounts to tz. The quartz 
signal 14 has been produced by a 50 MHz 
generator 5. Thus, the timely interval between 
two pulses of this quartz signal amounts to 14 20 
ns. The pre-selected countw" condition in the 
prefix counter 4 includes n beats of the quartz 
signal 14. Thus, the counting time amounts to U 
n.2Q ns. *Aft^ the sequence of the counting time 
tz of the prefix counter 4, the intenruption of the 
ranq) signal 16 has been cancelled. After atime 
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T, a ramp signal 16 thus continues to change 
Itself with a broader tune span T + t4 so that it 
attains the time T + t4 for the value of the 
reference tension 15. As soon as the ramp signal 
16 attains thi$ value of the reference tension 15, 
the delayed output signal has been released. This 
delayed output s^nal has been directed back to 
the prefix counter 4at the same time as the signal 
10, where this signal 10 causes the loading of a 
new counter condition into the prefix counter 
independent ftom the computer. 

The value of the reference tension 15 lies 
between the tension U and a tension Ut ^ 20. This 
tension Ut + 20 would have been achieved by the 
ramp signal 16 after the course of a time & + 20 
ns. The ran^ signal 16 achieves the value U 
independent of the phase situation of the quartz 
signal 14, as a r^ult of the phase situation of the 
input signal 1 and independem of the counter 
condition of the prefix counter 4 for the time T. 
In the time interval between the time T and the 
tinfie T + 20 ns, the refined division of the 
complete delay time occurs. Therefore* the 
reference tension 15 must lie between the tension 
U for the time T and the tension U for the time T 
+ 20ns. 

For delay times smaller than 40 ns, the 
counting method cannot be used. Fro delay 
times smaller than 40 ns, the coumer has been 
switched off and a purely analogous delay has 
been implemented. Therefore, the sequence of 
the ramp signal 16 has been started by the 
positive flank of the input signal 1 with the 
output signal of the comparator 2. This ramp 
signal 16 ^oceeds, then, without interruption, 
until the value of the ramp signal 16 attains the 
value of the reference tension 15 and, ther^ore^ 
relate the delayed output signal 9. 

Rg, 3 shows an implementation example for 
the delay unit according to the invention. In a 
circuit for a delay unit, according to the 
invention, short increase times and delay times 
and/or jitter must most possibly be able to be 
attained, thus observing the following: With a 
high ohmic construction, tonger uploading times 
can already appear through nearly unavoidal^e 
direction capacities of their own pF. In this 
example, the time constam, which can be set as 
the product of resistance and capacity, amounts 
to 20 ns with a resistance of 1 kOfam and a 
capacity of 20 pF* Further, the construction of 
the circuit for the delay unit, according to the 
invention, must most possibly tal^ place with 
low induction. Components with high inductive 
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part§ Bke we resistore or elcdrolyte condeoscrs, 
for example, may not be used in critical 
component groups. Beyond that, the 
semiconductors used must exhilnt low 
suspendable layer capacities and Mgh marking 
frequencies and, therefore, short increase times. 
The demands, which are positioned on diodes 
and transistors for these reasons, have, however, 
already been fulfilled by simple construction 
types like, for example, 1 N 914, BC 237, BC 
307, etc. With such simple construction type$« 
drcuit times can already be acM&ved in .2-3 ns. 

Furth^more, observing the following with 
the circuit conception: (My a short delay occurs 
with the switch of pn-transition to the condition 
suspended in the direction. "Hierefore, the 
fineeload carrier of the suspending layer must be 
emptied firom one and the suspendii]^ layer 
ca{mcity must be uploaded with the load 
resistance ftom another. Therefore, the load 
resistance may not be too great such tfa^ the 
provided suspending layer capacity of 
approximate^ 10 pF can be uploaded fasX 
enou^. Additionally, the count of the freeload 
carrier .must most possibly be held tow in the 
suspending layer, at least so it must be seen to 
that no operation of the susprading layer occurs 
in the saturation layer. 

Because w!&h a susp^ding layer In the 
saturation area, an overflow of the susprading 
layer instead occurs with freeloading carriers. 
The conductivity of the supercoahictive switch 
element is indeed very good, bat when switching 
to the suspended condition, a freely occurring 
time additionally appears that can amount to 
about 10 with snmll direction transistors. 

For the integrated components that have been 
used in a delay unit according to the invention, 
the same demands are being posed as for the 
discrete con[^)onents. With the construction of 
the drcuit^ DCL-IC's (series 10000) and SCL 
con5)arators (high speed comparator SP 9685) 
have been used in the critical component groups 
because the other series of integrated 
components are not &st enough. 

Tlie oonstructton of the circuit should be 
inductively low without great interferences and 
reflections. In order to achieve this, sides of 
platinum can be considerably formed as mass 
sides an be laid near the signal paths as mass 
paths* Therefore, smaU induction and a d^ite 
tn{x>sition with the appropriate width of the 
direction paths (micro-stri^) can be attained. 
Details with regard to BOL components may be 
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inferred from the book, "MECL High Speed 
Integrated Circuits,** Motorola Semiconductors 
(1978). 

The control of a delay unit, according to the 
invention, t^s over a micro-processing system. 
In the implementation example, a multi-<^ded 
system with commercially accepted cards (MPQ 
has been chosen. To it belongs a MPU card 
MFC 103 with a microprocessor 6802 
(Motorola) with a 16 kbyte EPROM and with a 2 
byjte RAM, Two-piece, 8 byte RAM cards MFC 
112 also bebng to it. A tel^rinter Teletype 
model can serve as an mpui medium that can be 
closed by a seriial interfece MPADA 04A (TTY 
inter&ce). Therefore, an input is possible with 
the keyboard of the teleprinting machine and an 
output is possible wUh the printer. A 9-inch 
monitor can serve as another output medium that 
can be accessed by a card ^fi*C 402 (video 
interfece). A magnetic band device type DCD 1 
(3M Company) can serve as another output 
medium that can be accessed by another 
interfece card MFC 250. A Plott^ Watanabe 
Dig]pi6t can serve as another o\xtpxxt medium that 
<^ be accessed by another mt^fece card MFC 
250. 

This micro-processing system controls a 
delay signal, according to the mv^tion, by a 
MPU bus 1 1 with the he^ of the control signals 
12, 13. The control signals 12 proceed to the 
digital-analog converter 8 for the reference 
tensioti. The d^ital-analog converter 8 is 
created from a card MFC 124. The control 
signals 13 proceed to the prefix counter 4, which 
is essentia^ created from the £CL counter Zl 
and the TTL counter Z2 in the inoplementation 
example according to Fig, 3. 

In a very simple implementation form^ a delay 
unit, according to the invention, must not 
necessarily be controlled by a micro-processing 
System. Any device, which can ootput the 
signals 12, 13 in definite ways to a delay unit 
according to the invention, is basically enough to 
control a delay unit according to die invention. 

In order to achieve a constant accuracy with 
the exact time scale for the delay tune-under 1 ns 
possible and in order to make a calculated 
contrcd of the delay time possible, the following 
principle has been chosen: The delay time 
period has been roughly divided up into steps by 
the counting of a signal 14« A refined division of 
the delay time period between each two steps of 
the rough dimion takes place with the help of a 
ramp generator 6, of which inomentary 
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ainplitude 16 has been con^aied with a provided 
comparison tenston. 

The 8-bit digital-analog converter 8 makes 
possible a minimum release of 0.1 ns with the 
lefined division of a time period of 20 ns. This 
lies clearly with the release of the other 
con^nents into the circuit according ta Fig. 3. 
WtSh an accuracy of the signal 14 of app. 10*'% 
and with a linearity of the ranq) generate 6 at 
better than 1%, an accuracy of better than 0.5 ns 
with the define delay time period is, th^fore, 
e^)ected. The ran^ generator 6 has been, thus, 
continually run with the same input tnne; switch 
elements have, therefore, not been necessary. 

For the production of the signal 14, a 50 MHz 
quartz generator 5 has be^ used. The signal 14 
has been produced by an oscillator circuit in Fig. 
3 that resonates with approximate tuning of a 
resonant circle at SO MHz, reliable on the 
overflow. Details of this circuit are found in the 
application report for TTL integrated circuit 
boards by Texas Instruments. The circuit for the 
production of a signal 14 exhibits an uncoupling 
stage with this. This uncoupUng stage prevents 
the loading of the resonmat circuit and 
strengthens the signal amplitude of the signal 14 
at a tension of app. 3 Vss. 

In the <ligita] part of the circuit according to 
Fig. 3, the following components have been 
used: SP 9685 high speed comparators 2, 7 each 
with a latch Qock). The outputs of these 
comparatQrs 2, 7 exhibit ECL levels. The 
comparator 2 has been necessary for the 
preparation of an input signal 1 and the 
comparator 7 has been necessary for the 
comparison of the ramp signal 16 wift the 
reference tension 15. 

An ECL coanter MC 10136 Sffves as tte 
counter Zl . This counter Z 1 has been used in the 
first countinig stag^ as a prpgranconable, 
synchronized 4-bit prefix counter op to 100 
MHz. 

A TTL counter 74LS191 serves as counter 
Z2. ThiscounterZ2hasbeenusedin the second 
counting stage as a programmable, synchronized 
4-bit prefix counter up to 5 MHz. 

An ECL dual D flip-lop MC 10231 serves 
flip-flop FFl. This flip-flop FFl has been used 
for the control of the ramp g«ierator 6. 

ECL OR Oates 10103 4 x 2 OR gate has been 
used for gates Nl, N2, N3, N4, N7. ECL OR 
Gates MC 10109 4/5 OR/NOR gates have been 
used for gates N5, N6. 
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With a positive tension jump of the input 
signal 1, the output Q of the comparator 2 has 
been set at the logic value 1. The comparator 2 
has been locked by gate Nl so that the output 
sigtial of the comparator 2 remains preserved 
after the fedlng out of the positive tension jun^ 
of the input signal 1. Thus, a logic •*r^ fits 
closely with the D-input of the flip-flop FFl. 
With the next positive flank of the signal 14, the 
output Q of the flip-Q0p FFl has also been set at 
the logic value "1." At the same time; the 
counts Zl maintains a carry-in signal of this 
flip-flop FFl and begins to count by the second 
positive flank of the signal 14 from the 
implemented counter condition. The counter Zl 
has, thus, first been allowed, if the flip-flop FBI 
is already switched. In the inqplementation 
example according to Fig* 3, the counter Zl, 
thus, &st counts the second knpulse of the signal 
14 ^fter the appearance of the positive flank of 
the input signal 1. This circuit principle prevents 
an eired correlation between input signal 1 and 
sigi^ 14 where, mider known conditions, one of 
both mt^rated circuits FFl aheady switches Zl 
while the other of both these integrated circuits 
FFl has, however, first switched Zl at the next 
beat impulse. Because the counter Zl in a circuit 
according to Fig« 3 - thus in contra to the 
signal diagram accordhig to Fig. 2 -first counts 
the second impulse of the signal 14, the counter 
condition, which has been set in the prefix 
counter 4 by the signals 13 in a circuit according 
to Ftg. 3 around 1, must be lower in comparison 
to a circtiit, with which the signal diagram 
according to Fig. lis realized. 

The counter Zl counts the four tower-value 
bits of the counter condition provided by the 
signals 13. The counter Z2 counts the four 
higher-value bits of the counter condition 
provided the signals. 13 with the converts 
Kl, KIL Convert^ ECL-TEL MC 10125 
and/or TH^ECL MC 10124 can be used for 
converters. 

At the counter condition "0," d» outputs QO- 
Q3 of the counter Zl are each set at the bgic 
value vMch exhibits the min-max output of 
the counter Z2, in this case the logic value "1." 
Thus, the inverted output of the gate N5 has also 
been set, in this case, at the logic value **1," 
because all inputs of the gate N5 in this case 
each exhibit the logic value "0," and 
consequently, the flq)-flop FFl has also been 
reset. The output signal Q of the fliprflop FFl 
and the inverted output signal of the comparator 
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2 have been joined together at the gate N2 by the 
control signal 17 of the ramp generator 6. At the 
same time as the reset of the fiip-flop FFl, 
another flip-flop FF2 has been set and by it, the 
time signal of the flip-flop FFl has therefore 
been blocked. Through this, it has been 
presented that the signal 14 can cause a further 
switching of the flip-flop FFl. 

For delay times under 40 ns, a logic has 
been set at the mpiit XI of the converter K12 by 
the signals 13 and, likewise, the counter 
condition has been set at "XX)." Hius, the flip- 
flop FFl and the flip-flop FP2 have be^ blocked 
by the gate N3 and the counters Zl, Z2 have 
been made passive. The input signal 1 ahs been 
directed direaly to the ramp generator 6 by the 
gateN2, in this case for delay times under 40 ns. 
and thus wMu>ut timely interruptions. 

The settu^ of each new counter conditbn fojr 
the inputs of the counter Zl, Z2 happens in the 
micro-process from between the arrival of an 
input signal 1 at the input of the delay time, 
provided that this input signal 1 switches the 
output Q oi the comparator 2 to the logic value 
"I" an thus cases a locking of the output signal 
of the comparator 2, and at the arrival of another 
input signal 1, which can switch after passage of 
a delayed output signal 9 at the delay unit for the 
next \npat signal 1, again with the output Q of 
the coniqjaraior 2 at the logic vahae L This 
setting of a new counting condition for the ii5)uts 
of the counters Zl, Z2 has been caused by the 
inverted output of the coniparator 2 1^ an 
inverted converter K3 with a trigger signal X5. 
The trij^er signsil X5, therefiDte, releases into the 
micro-processing system the sequence of the 
setting of the new counting conditiotis for the 
data inputs dO, d7 of the coointers Zl, Z2. The 
inputs Tl, T2 each continually exhibit the logic 
viue '*0." 

The signal 10, which corresponds to the 
inverted delayed output signal, forms both the 
inputs of the gate 7 as well as the signal Tl. As 
long as the signal 10 exhibits the logic value "1," 
thus as long as the delayed output signal 9 for the 
output of the comparator 7 has still not appeared, 
the counting conditions newly sa for the inputs 
dO, d7 of the counters Zl, Z2 has not been 
accepted into these counters. As soon as the 
signal 10 accepts the logic value "0," which 
means as soon as the delayed output signal 9 
appears for the output of the conq»mtor 7, both 
inputs of the comparator 7 exhibit the lo^c value 
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•U" Hiis setting of both the inputs SI, S2 for 
the counter Zl has five consequences: 

1. the four lower-value bits dO, d3 of the new 
counter position have been accepted into the 
counter Zl, 

2. the counter Z2 has b^n controlled by the 
gate N6 and by the converter K2y and the four 
higher-value bits d4, d7 of the new counting 
condition have been fed into the counter 22, 

3. the flip-flop FF2 has becii reset by the 
inverted output of the gate N6, 

4. likewise the latch-circle of the coniiparators 
2 J with the gates Nl, N4 have been reset by the 
inverted output of the gate N6, 

5. the load condenser CI has been unloaded 
by transistor T4 in the ramp generator 6. 

Immediately after the fading out of the 
delayed output signal 9, the signal 10 again 
eriiibits the logic value **1 " This means that the 
input SI of the counter Zl once more exhibits 
the logic value "1," vM& the input S2 of the 
counter Zl continues to exhibit the value **0.'' 
Therefore, the operation mode "countdown" is 
set for the counts Zl. Tten, the next delayed 
output signal 9 has been released by the next 
positive tension jump of the input signal 1. 

The invention makes possible an automatic, 
c6iq)uter-independent loading of a new counting 
con(titSon In the prefix counter 4 and an 
automatic, computer-independent preparation 
condition of the delay unit of which a newly 
spearing input signal 1 releases another delayed 
output signal 9. Thus, high repetition rates of the 
spectflc measuring system have Iseen made 
possible. Id the election ray measuring 
technique, it is necessary, in this example, that a 
cycle of a periodic t^mon procedure has been 
fially recorded in a measuring object in the most 
possibly short time. Such a recording of a cycle 
of a p^iodic tension procedure occurs with the 
help of the sanjxling principle. In order to be 
able to extract a timed-release from the cycle of a 
periodic signal procedure, the phase, with which 
the electron probe has arisen as a result of the 
cycle of the periodic signal path leaving from a 
drciut i&ode; has thus been varied by the diffa:ent 
measuring in^ulses. 

The dectron probe has thus been periodically 
pulsed at the circuit node for the period of the 
recording tension procedure. Each pulse of the 
electron probe exhibits, th^efore, another phase 
as a result of the cycle of the recording tension 
procedure. If the phase of the pulsed electron 
probe as a result of the p^iodic signal path being 
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recorded had been sbified by the ^ecific cycle 
of this signal path being recorded, an entire cycle 
of the periodic signal path being considered has 
been recorded by the measuring signal process. 
The sampling principle in the electron ray 
measuring technique has been described* in this 
cxan4>le, in the U.S. patent 4^20,853. 

The n[ieasuring signal process can take place 
with a measuring according to the san]i)ling 
principle with the help of a tima window (gate). 
The time release of a measurement has then been 
clarified by the gate time of the time window and 
by the accuracy of the time, to which the pulsed 
electron robe arises with each of a defined delay 
time (phase) at a circuit node. Therefore, it does 
not, thus, verily arise at the absolute accuracy of 
the delay unit as much as at the reproduction 
(jitter) of this delay time. Synchronous with the 
pulsed electron probe, the gate of the measuring 
signal process has also been controlled by the 
delayed output signal 9. 

It in this example, the delay times (phases) of 
the pulsed electron probe in the elytron ray 
measuring technique as a result of a periodic 
tension procedure always being considered in the 
same defined ways, has been varied, the signals 
12, 13 have also been released by a relatively 
simple switching of the counter. In such a case, 
a costly micio-pioces^g system ha& mot been 
absolutely necessary. 

Mth a delay unit according to the invention, 
the input signal 1 goes through two singular 
components to the ramp generator 6, namely the 
comparator 2 and the gate N2. Therefore, a very 
short delay time of app. 4 ns has been achieved 
up until the start of the ranq> gen^ator 6. 

The ran^ gena^tor is Created fit>m 
following cOiipjnents: 

- a constant flow source at the integrated 
circuit ICl and the transistor T5, 

- a switch at the transistor T3, 

- a loa(&ig stage at the transistor T4, 

- an uncoupling stage at the transistor T3, 

- a preparation of the refmnce tension at the 
int^rated circuit circle IC2 and with a 
conq)aris6a stq) at the Gony»rator 7 and the pte 

m: 

Independent of the tensions on the base 
electrodes of the transistors Tl, T2, the constant 
flow by the collector of the transistor T5 flows 
out either into the load condenser CI or at the 
resistance R3. The tension of the base of the 
transistor continually amounts to app« -7.5 Volts. 
With the resistances R5, R6, R7, the comrol 
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signal 17 for the ramp generator 6 has been 
brought to the correct level: The logic "1" 
corresponds with a tension of -7.1 Volts and the 
logic *W corresponds with a tension at -1,9 
Volts. With a logic for the output of the gate 
N2, the load coiidetiser CI has thus been bad&d. 
At a logic "r of the control signal 17, the load 
condenser CI holds the momentary tension 
value. The ramp signal 16 arrives at the source 
foUower T3 for the biyemd input of the 
comparator 7. The ran^ signal 16 can there 
accept a value betweoi +23 Volts and -5.7 
Volts. Therefore, the tension U, which accepts 
the ram signal for the time T, amounts to 0.6 
Volts. The DC comparison toision 15 must, 
therefore, thus accept values between 2.5 Volts 
and 0.6 Volts for delay times greater than 20 ns 
in order to simplify the coinparison process. 
This following measurement must be realized: 
For delay times smaller than 20 ns, the counts of 
00-7F for the ii^ut of the digital-anabg 
converter 8 have been used and for delay times 
greats than 20 ns« tiie counts 80-FF have been 
used. Therefore, the signal XI has no bnger 
been necessary for delay times smaller than 40 
ns. A constant tension at the zero point position 
has been added on for the output signal 25 of the 
digital-analog converter 8. Thus, one can 
iiq)lement the constant flow by the pot^itial 
gauge Fl, the zero-point of the reference tension 

15 by the potential gauge P3, and the 
strengthennjg of the refi^ce tension 15 fey the 
pot^tial gauge F4. 

The comparator 7 compares the rmxp tension 

16 with the reference ten^n 15 and delivers an 
ECL-tension jump as a delayed output signal 9. 

A TTL signal as a gate signal can arrive at a 
coriverter KIO by a measuring sigiial process 
mechanism. 

Provided that an achievable, frequency-stable 
input signal 1 is i»Fesent, this input signal can be 
synchronized with tiie signal 14. Such a 
synchronization makes it possible for the 
sequence of the counting process in the prefix 
counter to be directly released by the input signal 
1 and for the first closing of the ram generator 6 
to be controlled without timely interruption up 
until the ramp signal 16 has attained the value of 
the reference tension 15. 
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Wm^ unit lor fvoMho an ou^ signal ^ 
which li datayod tiy • dMntd May paifod 
fr-cy oompaiied wUi an Input atonal (1), cnn^ 
ilBtlni0 flf 

— a « H fi4 Mii 4to ja» ona Input of wtiidi 9ift 
taput afgnal (t) la praaamt and at tba aaoond Input 
QfwMcliaitr^pa^^ 

~s paaatacQon Gouidor (4) tar aajOkig tfia 
May peiM (r4^t^ alap by anp^ an eulpuk 
liBM of tha ooRvarattr Hnino praaant at an 
aiiafaia Input af lha pfaaataotton ouunlai (4 and a 
ocxva bi^lfiQ pfadatsmiktad adt itiii pvaaalaBllbR 
wm ^ ft eompmar via aiwa {II) ami 
ftvlhanflai^toaaH^ 

tenitant'^iacpiancy alpnai ggaaeaior (9) 
lor Mittina Gouning pulMa 04) to iha pnMMto* 
ian OQumar (4)^ 

— atawp aignaf tfnnwa i u i ffl iqr inaiy dMdlnp 
tia diliQf pariod (T^U «» «»ulpui afgnai of tha 
aompandof and an auput signal of dia p» 
aalaottDn oounlif (4) tMinp oomfainad ta famt M 
comral aional of d)a lanp alpnal ganaiaiof (fl) 
and an c mput lignal (Id) of Hm mtp i^Qnal 
j a n a f a t of ^ batao g^NMnalad at dia ou^xtt of tha 
latur^ dia mt$mnm of tha output atcptftl of 
tha ramp ^gmd ^ananttor baing IniMfiipiad 
Kvith tha IM poditiva ad^ia of tha axmtino pultaa 

(14) la tha piaaaMon aourdar aflar anM of 
fia input a^iM 0) mi dia piatiiacion aauniir 
(4) baing anahlartp 

— a^avioa^] fer qanaiaiang a laia i a nua atgnal 

(15 ) lor th a ou^ dional (16) of tha ramp alpnai 
OMuator ($)t In mrtioh aivanooMnt tha nangni^ 
tuda Of tha raftfanaa dlgrstJ (id) cm m pmMM^ 
ninad fay tha oomputar via tha bus (if) and 
tatter atemi IM 09 to tia dari^ 

^ a iwdiar uiiHpaaiu f (7) in whfdh dw. output 
algntf (19 of dia ran^ atonal gahaialor (9 H 
oompaiad nHh dia fafafanoa ^gnal (IS} anc) 
aihlGh arhha tha daii^ output algnal m id »i 
ouipul^ 

and a ftidhar ddvloa (10) for liadtag back 
tha da layad flu»u t aignal a t i)» ot]»ut of tha 
todw oompanaor (7) to tha prasilaodon aauntar 
(4) fof aulORiaticaKy loading a naw count Mo tha 
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